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บทคดัย่อ 
การวจิยันี้มวีตัถุประสงค์เพื่อตรวจสอบความสมัพนัธร์ะหว่างการขยายตวัการท่องเที่ยวและ การปล่อยก๊าซ
คารบ์อนไดออกไซดจ์าก ภาคการขนส่ง การใชพ้ลงังาน และการใชไ้ฟฟ้าในประเทศไทย โดยใชก้ารทดสอบ
ความเป็นสาเหตุและผลตามวิธีของ Toda and Yamamoto (1995) ศึกษาข้อมูลตัง้แต่ปี 2523-2556 ผล
การศกึษาพบว่า การขยายตวัการท่องเทีย่วและการปล่อยก๊าซคารบ์อนไดออกไซดจ์ากการใชพ้ลงังานมคีวาม
เป็นสาเหตุและผลซึง่กนัและกนั ขณะที่การปล่อยก๊าซคารบ์อนไดออกไซดจ์ากภาคการขนสง่และการใชไ้ฟฟ้า 
เป็นสาเหตุต่อการขยายตัวการท่องเที่ยว ดังนัน้ผู้ก าหนดนโยบายควรมีมาตรการด้านนโยบายพลงังาน
ปิโตรเลยีมทีเ่หมาะสม เช่น การเกบ็ภาษปิีโตรเลยีม การจ่ายเงนิอุดหนุน อกีทัง้ประเทศไทยควรออกแบบการ
รณรงค์การท่องเที่ยวสเีขยีวส าหรบันักท่องเทีย่ว เพื่อเป็นการลดปรมิาณการปล่อยก๊าซคารบ์อนไดออกไซด์
จากการใชพ้ลงังานและการปรบัเปลีย่นพฤตกิรรมของนกัท่องเทีย่ว 
 
ค าส าคญั: ประเทศไทย; การปล่อยก๊าซ CO2; การท่องเทีย่วกบัสิง่แวดลอ้ม; การท่องเทีย่ว 

 
Abstract 
The aim of this research is to examine the relationship between tourism expansion and CO2 
emissions from the transport sector, energy consumption and electricity consumption in Thailand. 
Using the Toda and Yamamoto (1995) causality test over the period 1980-2013, the results show   
bi-directional causality between tourism expansion and CO2 emissions from energy consumption; 
There is unidirectional running from CO2 emissions from the transport sector and electricity 
consumption to tourism expansion. This study suggests that policymakers should suitably provide a 
petroleum energy policy such as petroleum taxes and compensation. Additionally, Thailand should 
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create green tourism campaigns for tourists to reduce CO2 emissions from energy consumption and 
to change tourist behaviors.  
 
Keywords: Thailand; CO2 Emissions; Tourism and Environment; Tourism  
 
Introduction  
Thailand has been recently using the slogan 
“Amazing Thailand” in its promotion of 
tourism. The country is renowned worldwide 
for its southern beach resorts, with annual 
visitor numbers to the Andaman coast 
reaching over 7 million (The Mekong Tourism 
Coordinating Office, 2008). Other attractions 
include the capital, Bangkok, and the northern 
provinces, which are famous for their natural 
beauty and for the opportunity to visit ethnic 
villages in the mountain areas. Thailand’s 
spicy cuisine is a further draw for foreign 
visitors, many of whom have been introduced 
to Thai food in restaurants in their home 
countries and who relish the chance to 
sample genuine Thai dishes in authentic 
surroundings. The plentiful tourism resources 
of Thailand as well as good environmental 
management can induce many international 
tourists to visit Thailand. 
 The tourism is one of key sectors of 
economic development. The World Travel and 
Tourism Council (2014) reported that 
Thailand's tourism contributed an average of 
more than 17 percent of gross domestic 
product (GDP) during the period in 2000 - 

2013. In particular, tourism contributed 20.2 
percent to Thailand's GDP in 2013. The trend 
of tourism contribution to GDP has been 
gradually increasing over a long period. From 
2008 to 2013, Thailand experienced  political 
instability such as Suvanabhumi International 
Airport being closed by the yellow shirt group 
in 2008 (Nonthapot and Lean, 2013) and the 
protest against the Thai government starting 
in November 2013 before the general election 
on 2nd February 2014 by many groups in 
Bangkok (BBC News, 2014). However, the 
tourism contribution to GDP recovered in 
2011 and is still important for Thailand's 
economy (Figure 1).  
 Generally, tourism is considered as an 
“environmental friendly industry without 
chimneys” (Mirbabayev and Shagazatova, 
2006). It means that the environment is a 
factor related to tourism. The study of the 
relationship between tourism and the 
environment by using time series analysis has 
not been widely discussed in empirical 
studies in ASEAN countries, especially the 
relationship between international tourism 
and the environment in terms of CO2 
emissions.
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Source: World Travel and Tourism Council (2014) 

Figure 1 Tourism as a Percentage of Contribution to GDP 2000 – 2013 
 
Beladi et al. (2009) investigated a small open 
economy concerning tax resulting from 
tourism using pollution taxes and found that 
taxes can reduce pollution emissions, but also 
increase tourism costs. In addition, the 
relationship between tourism and the 
environment has been considered in Thailand 
by Jatuporn and Chien (2011) in the causal 
relationship between tourism development 
and CO2 (carbon dioxide) emissions in 
Thailand over the period of 1986 to 2010. 
The result showed that the number of 
international tourist arrivals to Thailand would 
increase energy consumption and CO2 
emissions.  
 Environmental indicators are ignored 
by the government and regulators especially 
in developing countries such as Thailand 
where environmental problems caused by 
tourists may not be recognized. This may be 
because the Thailand's government focuses 
on the contribution from tourism receipts from 
international tourists to employment and 
economic development. However, environmental 

conservation is necessary for protection as 
recommended by because Jatuporn and 
Chien (2011) who said policymakers in 
Thailand should provide environmental 
policies such as pollution taxes and 
environmental or responded cost credits in 
terms as a part of their social responsibility. 
Furthermore, Lee (2013) indicated that the 
number of international tourists has positive 
effects on electricity consumption in 
Singapore. Therefore, tourism should be 
considered as an environmental factor. 
 As mentioned above, tourism can 
provide an economic contribution to GDP but 
the environmental problem has to be 
recognized as well. Increasing CO2 pollution 
is, in part, caused by tourism expansion in 
Thailand (Jatuporn and Chien, 2011). 
However, the causal relationship between the 
tourism factor, which is tourism revenue, and 
CO2 emissions in Thailand have not been 
empirically tested. Tourism revenue is an 
alternative factor because it has been 
selected as a tourism factor in many studies 
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such as Chancharat and Chancharat (2010) 
and Nonthapot (2013).  Moreover, CO2 
emission from transportation is considered as 
a major pollution source, and higher levels of 
tourism lead to more use of transportation, 
which is in line with Jatuporn and Chien 
(2011) who analyzed the CO2 emissions in 
transportation and energy consumption. 
Therefore, this research can fill the gap and 
generate a better understanding of the causal 
links between tourism and CO2 emissions 
(which are divided into 3 factors) as well as to 
make some policy recommendations.  In 
addition, the next section of the paper reviews 
the relevant literature; section 3 describes the 
data and methodology, section 4 presents the 
empirical results and section 5 concludes.  

 
Literature Review  
There have been many studies that have 
investigated the causal relationship between 
tourism and economic growth in Thailand. 
The studies of tourism development and 
economic growth estimation methods are 
based on investigating the casual relationship 
between tourism and growth. The studies 
always present the impact of tourism on long-
run economic growth by using Engle and 
Granger (1987) causality tests based on error 
correction models as well as international 
tourism receipts and economic growth 
supporting both tourism and economic 
growth, for example, Chancharat and 
Chancharat (2010) and Nonthapot (2013).  
 According to the study of tourism 
development and CO2 emissions, domestic 
energy consumption is basically defined as 

transportation and economic activities. The 
transport sector facilitates the travelling of 
tourists to the destination (Yeoman et al, 
2007). In a recent study, Mayor and Tol 
(2010) investigated the tourism impact on 
pollution in future scenarios and employed the 
international flow of tourists as the key 
indicator. Their results showed that increased 
demand for transport is needed to develop 
tourism in the future, particularly in Asian 
countries. Fuel combustion in vehicles is 
considered as a major source of pollution 
emissions. In the case of the economic 
activities, many studies focused on tourism 
expansion, the growth of economic activities, 
and CO2 emissions (Dritsakis, 2004; 
Durbarry, 2005; Chang, 2010; Zhang and  
Cheng, 2009). The growth of economic 
activities causes tourism expansion (Dritsakis, 
2004 and Durbarry, 2005) but an increase of 
CO2 emissions also results from economic 
growth (Chang, 2010; Zhang and Cheng, 
2009).  With transportation or economic 
activities used during leisure activities, CO2 
emissions originate from combustion 
processes and lead to global warming. 
Therefore, the growth of economic activities is 
a major factor in increasing energy usage 
(Soytas et al., 2007; Zhang and Cheng, 2009; 
Chang, 2010). 
 The relationship between CO2 
emissions and energy consumption has been 
proved in the long term in several countries. 
The more energy is used, the more CO2 is 
emitted in the case of France (Ang, 2007). 
This result is consistent with Halicioglu (2009) 
who revealed that energy usage contributes 
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to CO2 emissions in the long-run in Turkey. 
In addition, Apergis and Payne’s (2009) also 
found support that the interrelationships 
between CO2 emissions, energy usage, and 
output in Central America are positive.  

Recently, Lee (2013) indicated that 
tourism expansion is positively related to 
electricity consumption in Singapore. This 
finding suggests that electricity consumption 
in Thailand can be selected for the CO2 
emission factor. This is because most of the 
electricity production in Thailand is generated 
from fossil fuels.  
  Tourism expansion is measured by 
employing the number of international tourist 
arrivals as the tourism factor. This expansion 
was found to have a relationship with CO2 in 
many studies. However, CO2 emissions from 
the transport sector, energy consumption and 
electricity consumption should be considered 
with the tourism expansion in Thailand. In 
particular, tourism revenue has not been 
analyzing together with CO2 before.  

 
Data and Methodology 
1. Data  
The data of this research are derived from 
many sources. It comprises data from 1980 to 
2013 which covers 34 observations of annual 
data. The details of the variables are as 
follows. Firstly, tourism revenue  TR is 
employed as the quantity of revenue from 
tourism expansion in each year.  These data 
are collected from the Tourism and Sports 
Ministry of Thailand. Secondly, CO2 emission 
from the transport sector  CT  is the total 
amount of CO2 emissions (‘000s of tons) 

from the transport sector. The CO2 from the 
transport sector is provided by the Energy 
Policy and Planning Office of Thailand. 
Thirdly, CO2 emission from energy 
consumption  EP  is the volume of petroleum 
products in terms of million liters as 
representative of energy consumption and is 
provided by the Energy Policy and Planning 
Office of Thailand. Lastly, CO2 emission from 
electricity consumption  ET  is represented 
by the total of electricity consumption of 
KWH/mm. The data are collected from the 
Bank of Thailand. Additionally, all data are 
transformed to natural logarithms before the 
analysis. We will conduct the cointegration 
test by using the Zivot and Andrews (1992) 
and Granger causality test by Toda and 
Yamamoto (1995) respectively. 
2. Methodology 
2.1 Model        
The models of tourism receipts and CO2 
emissions are as follows:   
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 From equations (1) to (4), the expected 
signs for coefficients of explanatory variables 
are 1 to 

21 are 0  
2.2 Unit Root Test for Stationary with Structure 
Break   
 In order to ascertain the order of 
integration, we perform Zivot and Andrews 
(1992) for one unknown structure break-point 
to confirm the order of integration for each 
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series. This paper presents two versions of 
the Zivot and Andrews (1992) test for one 
structural break. The first one is model A, 
which allows for a structural break in the 
intercept and the second one is model C, 
which allows for a structural break in the 
intercept and slope (Tang and Lean, 2011). 
Model A and Model C are as follows: 
Model A:  

t

k

i
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Model C:
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 where  is the first difference 
operator, the residual t  is  white noise and 
assumed to be a normal distribution. The 
incorporated 1 ty  terms on the right-hand 
side of the equation (5) and (6) are to remove 
the serial correlation if any. The “t-significant” 
approach is employed to select the optimal 
lag length (k) (Hall, 1994). The breakpoint 
(TB)is chosen where the ADF t-statistics are 
maximized in absolute terms (Narayan, 2005). 
DUt denotes an indicator dummy variable for 
a mean shift occurring at each possible 
break-date (TB) while DTt denotes a 
corresponding trend shift variable. Formally,          

 tDU


 

otherwise

TBtif

...........0

.............1      (7)   

tDT


 

otherwise

TBtifTBt

...........0

...........  (8) 

 This study proposes to find the long-
run relationship among the four variables 
using the Granger causality test based on the 

alternative long-run Granger causality 
approaches. When the variables are 
integrated in the same order, the four 
variables will be tested with a suitable method 
such as Engle and Granger (1987); Johansen 
and Juselius (1990), and Saikkonen and 
Lütkepohl (2000) to estimate long-run 
equilibrium. In contrast, when the series are 
integrated in the I(0) it means the all variables 
have stationarity and can be directly tested by 
the bi-Granger causality test. Furthermore, if 
all variables do not have stationarity in the 
same order and do not have cointegration in 
the unrestricted vector autoregressive (VAR) 
based on the Granger causality test, the 
causality test with the maximal order of 
integration (dmax) and the VAR optimal lag 
value are combined in the form of a VAR with 
lag order (q+dmax) to reveal the long-run 
relationship (Toda and Yamamoto, 1995). The 
Toda and Yamamoto (1995) test does not 
require knowledge of the cointegration 
concept. Therefore, when there is no 
integration or stability, the order of integration  
is not the same order that is applied by the  
Toda and Yamamoto (1995) test. The models 
from equations 1 to 4 are presented in 
equations. (9) to (12): 
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  (12) 
 Although equations (9) to (12) apply 
Toda and Yamamoto (1995), the testing 
employs the Granger causality test. This study 
follows the concept of Granger causality, ‘X 
causes Y ’ if and only if the past values of X 
help to predict the changes of Y . While ‘Y 
causes X ’ if and only if the past values of Y 
help to predict the changes of X . Granger 
(1988) stated that a variable set is not co-
integrated, meaning that the considering 
model has short-run Granger causality.  
 Where maxd is the maximal order of 
integration, q  is optimal lag length,  p is 
determined by the Akaike Information 
Criterion (AIC) with a maximum lag of four 
because it has a superior performance in a 

small sample (Lütkepohl, 2005, section 4.3.3). 
The residuals t1 … 

t4  are assumed to be 
normally distributed and white noise. 
Moreover, the chi-square statistics are then 
applied to find out the direction of Granger 
causality between the variables of interest. 
The null hypotheses that are tested which are 
follows: 
(1). Equation (9) can be expressed as 
1. 0...: max)(21121101  dqH  , 
implying that CTln does not Granger-cause

TRln  
2. 0...: max)(21121102  dqH  ,  
implying that CEln  does not Granger-cause

TRln  
3. 0...: max)(21121103  dqH  ,  
implying that EPln does not Granger-cause 

TRln  
(2). From equation (10) can be expressed to 
4. 0...: max)(43323104  dqH  , 
implying that TRln  does not Granger-cause 

CTln  
(3). From equation (11) can be expressed to 
5. 0...: max)(65525105  dqH  , 
implying that TRln does not Granger-cause 

EPln  
(4). From equation (12) can be expressed to 
6. 0...: max)(87727106  dqH  ,  
implying that TRln does not Granger-cause

ETln   
     Taking the stages 1 to 6, if both of the 
null hypotheses are rejected, it shows that 
there are causality nexus between tourism 
revenue and the CO2 emission factors. In 
contrast, there is no causal link between 
tourism revenue and CO2 emission factors if 
this test cannot reject both null hypotheses. 
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Empirical Results 
According to the first step of analysis, each 
variable has to test the unit root., This study 
uses the unit root test with one structure 
break which follows Zivot and Andrews 
(1992)'s test. The results are shown in Table 
1. All variables are tested both in model (A) 

with an intercept and model (C) with both 
an intercept and a trend. The CO2 from the 
transport sector ( CTln ) and tourism revenue

)(lnTR ) has no unit root when the variables 
are taken in model (C) at 1 and 5 percent 
levels of significance.  
  

 
Table 1  The Zivot and Andrews (1992) Test Results 

Variable Model A Model C Variable Model A Model C 

TRln  TB  1988 1992 EPln  TB

 
1992 1994 

   -0.74 
(-4.48) 

-1.11 
(-5.15)** 

   -0.39 
(-3.24) 

-0.47 
(-3.60) 

   0.49 
(3.97) 

0.18 
(1.76) 

   0.27 
(2.62) 

0.20 
(1.81) 

    -0.11 
(-4.43) 

    -0.04 
(-3.41) 

   2 2    2 1 

CTln  TB  1987 1995 ETln  TB

 
1990 2000 

   -0.20 
(-3.09) 

-0.99*** 
(-5.72) 

   -0.18 
(-3.37) 

-0.33 
(-3.83) 

   0.11 
(2.20) 

0.15 
(2.98) 

   0.12 
(5.35) 

0.05 
(1.84) 

   - -0.09 
(-5.35) 

    0.01 
(-2.74) 

      2    2    2 2 
Exact critical 

values 
1% = -5.57 
5% = -5.08 

1% = -5.34 
5% = -4.80 

Exact critical 
values 

1% = -5.57  
5% = -5.08 

1% = -5.34 
5% = -4.80 

Note: t-statistics are in the parentheses. Asterisks *** and ** denote significance at 1% and 5% levels of significance 
respectively.

In contrast, the energy consumption 
 EPln  and electricity consumption  ETln

factors are tested in model (C), which has a 
unit root. Furthermore, all variables are tested 
with model (A) and the unit root hypothesis 
cannot be rejected. Hence, the findings of the 

unit root test results with one structure break 
are that the series does not have stationarity 
as I(0) for all variables and a test for 
cointegration cannot be implemented such as 
Engle and Granger (1987); Johansen and 
Juselius (1990), and Saikkonen and 
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Lütkepohl (2000). Nevertheless, this study 
focuses on the causality test of Toda and 
Yamamoto (1995), which is not interested in 
the cointegration procedure and the order of 
all variables is different. Therefore, this study 
can confirm that the Toda and Yamamoto 
causality test is appropriate for analysis in the 
case of Thailand. Once the variables are 
integrated in a different order, the Granger 
causality approach through the processes 
stated by Toda and Yamamoto (1995) are 
performed in terms of the VAR with lag order 
 maxdq  model.  
 Table 2 presents the VAR lag model 
which is selected based on the lowest value 
at lag (4) by AIC with the lowest value at -
10.24.  Hence, the combination of VAR 
 maxdq  can be used as VAR (4+1). 
Based on the Toda and Yamamoto Granger 
causality test in Table 2, the modified Wald 
(χ2) statistic is utilized to test the k 
parameters in the VAR(4+1) system with k 
degrees of freedom (χ2(k)).  
Table 2  VAR optimal lag selection 
Criteria VAR lag selection 

Lag 
(0) 

Lag 
(1) 

Lag 
(2) 

Lag 
(3) 

Lag 
(4) 

AIC -0.91 -9.58 -9.66 -10.00 -10.24 

Note: Akaike Information Criterion (AIC) with a 
maximum lag of four, a superior performance in a  
small sample (Lütkepohl, 2005, section 4.3.3). 
 As the results show, from the Toda 
and Yamamoto Granger causality test shown 
in Table 3, there is a bi-directional 
relationship between tourism revenue and 
energy consumption. The results are 
unidirectional running from CO2 from 
transport sector to tourism revenue and 

unidirectional running from electricity 
consumption to tourism revenue at a 5 
percent level of significance.  
  In contrast, the result is not show 
running from tourism revenue to CO2 from 
the transport sector and electricity 
consumption. Therefore, the result shows that 
tourism expansion leads to increased energy 
consumption and CO2 from transportation 
and electricity consumption is a result of 
increased tourism expansion. The summary 
of Toda and Yamamoto Causality Test results 
are shown in Table 4. 
 
Conclusions  
This paper examines the causal relationships 
between tourism expansion and CO2 
emission factors in Thailand. The causality 
through Toda and Yamamoto (1995) is 
conducted with multivariate vector 
autoregressive (VAR) models following the 
tests by Zivot and Andrews (1992)’s unit root 
with one structure break procedures.  
 Firstly, based on the results of Toda 
and Yamamoto causality, the tourism revenue 
is the cause of increased electricity 
consumption in Thailand but also leads to 
increased tourism revenue. Therefore, tourism 
expansion is mutually related with CO2 
emissions from energy consumption because 
tourism create events, exhibitions, and 
festivals that stimulate tourists visit to site 
attractions and therefore use transportation-
related and other energy resources. This 
finding is consistent with Jatuporn and Chien 
(2011) in that it is possible that tourism leads 
to increase the volume of petroleum 
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production and energy use in Thailand. 
Furthermore, this finding is consistent with 
Mayor and Tol (2010) who found the leisure 
industry has played a role in domestic CO2 
emissions. It can be inferred that production 

and services that consume energy would 
increase as a result of travel and tourism. 
Hence, this finding shows that CO2 emissions 
are bi-directionally related to tourism in 
Thailand.  

Table 3 Results of the Toda and Yamamoto Causality Test 
Dependent 
Variables 

Lag Type of causality 

Source of Causation ( 2 – stats) 

tTRln  tCTln  tEPln  tETln  

tTRln  5 - 11.35** 12.23** 11.58** 

tCTln  5 8.92 - 17.04*** 13.58** 

tEPln  5 28.52*** 9.23 - 32.97*** 

tETln  5 6.20 7.09 1.36 - 
Note: Asterisks *** and ** denote significance at the 1% and 5% levels respectively. 
 
Table 4 Summary of Toda and Yamamoto Causality Test Results 

Toda and Yamamoto Causality Relationships Significance  Level 
Tourism Revenue                  CO2 from transport sector 5% 

Tourism Revenue                  Energy consumption 1%  and 5% 
Tourism Revenue                  Electricity consumption 5% 

Note: means variable x does Granger cause variable y.  

         means variable y does Granger cause variable x. 

         means variable x does Granger cause variable y and variable y does Granger cause variable x. 
 
 Secondly, the CO2 emissions from 
transportation and electricity consumption are 
a result of tourism expansion because CO2 
emissions from those two sources are 
pollution at least in part caused by the 
tourism sector. Based on the findings, 
Yeoman et al., (2007) explained that the 
transport sector is a key factor of tourism 
development that facilitates the movement of 
tourists from their sources to the destination. 
Therefore, this study finds CO2 emissions are 
basically a result of transportation consumption 
through domestic energy because if the 

volume of transport expenditure increases, it 
can lead to increase the number of tourists 
and tourism revenue. Finally, the transport 
sector can support tourism expansion. 
 Thirdly, the study of CO2 emissions 
from electricity consumption shows that 
electricity consumption is a result of tourism 
expansion because the growing volume of 
electricity consumption may be connected to 
investment in infrastructure which is related to 
the tourism sector such as communication 
and electric lighting. Therefore, the increase 
of electricity consumption is caused by an 
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increased number of tourism activities, which 
is linked to tourism revenue and tourism 
expansion.  
 Finally, tourism increases energy 
consumption but the CO2 emissions are 
caused by the transport sector. Increased 
energy and particularly electricity consumption 
are caused by tourism expansion. The 
increasing number of tourist arrivals in 
Thailand leads to increased transportation 
expenditure, energy consumption and 
electricity consumption. These factors lead to 
tourism and are linked to tourism revenue 
from tourism expenditure. The research also 

found that CO2 emissions from energy 
consumption are environmental problems that 
affect tourism expansion in Thailand. This 
research suggests that policymakers should 
suitably provide petroleum energy policy such 
as petroleum taxes and compensation to 
reduce the pollution in the country. In 
addition, Thailand's government and tourism 
entrepreneurs should create green tourism 
campaigns for domestic and international 
tourists to reduce CO2 emissions from energy 
consumption and to change tourist behaviors. 
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